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Remarks 

This timely filed Amendment is responsive to the Office Action dated March 30, 
2004. Claims 28-45 and 48-70 were pending at the time of the Office Action. All claims 
were rejected. Claims 28, 29, 3 1 , 66-68 and 70 have been amended herein. No new 
matter has been added. 

Claims 68-70 (drawn to a method) were rejected under the judicially created 
doctrine of obviousness-type double patenting as being unpatentable over claims 1-36 of 
U.S. Patent No. 6,406,745 to Talton ("745") in view of U.S. Patent No. 5,499,599 to 
Lowndes et al. ("'599"). Claims 28, 30-45, 48, 50-54, and 59-61 (drawn to coated 
medicament) were rejected under 35 U.S.C. §l03(a) as being unpatentable over US. 
Patent No. 5,223,244 to Moro et al. ( m 244"), in view of U.S. Patent No. 5,976,577 to 
Green et al ("'Green 1 '). Claims 28, 30-45, 48-61, and 66-67 were rejected under 35 
U.S.C. §103(a) as being unpatentable over U.S. Patent No. 5,972,388 to Sakon et aL, 
( m Sakon ) in view of GTeen. Claims 28, 30-45, 48, 59-61, and 66-67 were rejected under 
35 U.S.C. §103(a) as being unpatentable over U.S. Patent No. 5,855,913 to Hanes et al., 
("Hanes") in view of Green. Claims 62-65 were rejected under 35 U.S.C. § 103(a) as 
being unpatentable over Moro or Sakon or Hanes in view of U.S. Patent No. 6,277,364 
to Bucks et al., ("Bucks"). Claims 29 and 68-70 were rejected under U.S.C. §l03(a) as 
being unpatentable over Moro or Sakon or Hanes in view of Lowndes and further in 
view of Green. 

Applicants and the undersigned, attorney Neil letter, wish to thank Supervisory 
Examiner Thurman Page for participating in a teleconference on Monday May 24, 2004 
with the undersigned and inventor Dr. James Talton. Applicants 1 claimed invention was 
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reviewed and compared to the cited art, comprising Moro, Hanes, Sakon and newly cited 
Green. Applicants described their important pioneering technology comprising use 
pulsed laser ablation to coat core drug particles and how earlier conventional coating 
technologies, such as spray on processes, could not provide the claimed continuous 
nanoscale coatings on small (< SO urn) core drug particles. 

The Examiner requested clarification regarding claim 45. Claim 45 was intended 
to be cancelled in the previous Reply filed April 7 7 2003 which requested cancellation of 
claim 45-47. Claim 45 had recited "The medicament according to claim 28, wherein said 
coating layer is a continuous layer , \ This subject matter is subsumed by current claim 28 
and was intended to be, and should be s cancelled. 

Before reviewing the cited an, Applicants will first review the claimed invention 
as now recited in amended claim 28. Amended claim 28 recites a medicament comprising 
a plurality of coated drug particles, each coated drug particle having an average particle 
size of less than 50 \xm in diameter, the surface of the particles comprising at least a first 
coating layer. Support for various coated drug particles thicknesses including 50 um can 
be found on page 1 1, line 26 to page 12, line 10* The coating layer is a continuous and 
non-porous layer, The coating panicles are biodegradable or biocompatible. The 
biodegradable or biocompatible coating layer provides controlled drug delivery. The 
average thickness of the coating layer is from 1 to 500 nm. Amended claim 68 recites a 
related claim relating to a method of preparing a coated drug particle using a process 
comprising pulsed laser ablation. 

Although Applicants disclose that the coating can be either continuous or 
discontinuous as correctly noted by the Examiner, Applicants 1 claimed continuous and 
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non-porous coating layer is generally a preferred embodiment as it maximizes sustained 
release of the drug. Although Applicants agree with the Examiner that there is 
motivation to achieve a continuous coating layer on drug particles "to obtain a sustained 
or controlled rate of delivery of the active ingredient", Applicants achieve this desired 
claimed continuously coated drug particle using a process comprising laser ablation 
which permits formation of continuous nanoscale coatings on 50 \xm (or less) core 
particles. Such coated particles are not disclosed or otherwise obtainable by any methods 
disclosed in any of the references cited herein, such as Moro, Sakon and Hanes (spray- 
drying) or Green (fireeze-drying), whether alone or in combination. 

The claimed coated particle size advantageously includes the particle size range 
suitable for inhalation, which is generally accepted to be less than about 20 to 50 \im. For 
example, amended claim 31 recites the average coated particle size is less than 20 jim in 
diameter, claim 32 recites the average coated particle size is less than 10 \im in diameter, 
while claim 33 recites the average coated particle size is less than 1 ^m in diameter. 

Such thinly coated medicaments are not possible using other known methods for 
coating core drug particles (see Applicants 1 background; page 1, lines 23-30 and Green as 
noted below). Core drug particles having very thin (including nanoscale) continuous and 
non-porous coatings are evidenced by sustained release profiles which are provided 
throughout Applicants' specification as well as by Example 1, page 33, lines 18-20, 
Porous coatings, such as inherently resulting from solvent evaporation in spray 
processing when used to form nanoscale coatings as claimed by Applicants, clearly 
cannot provide sustained release profiles. Applicants have attached a paper (Maa et al, 
1996, Intl. J. Pharmaceutics 144:47-59) and U.S. Pat. No. 5,437,889 to Jones that clearly 
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demonstrate that when spray processing is used, because the typical droplet size 
generated is 10-20 microns, the core particles must be at least about 75 to 100 Jim or 
larger to obtain continuous coatings. 

For example, Col 7, line 60 of Maa et aL clearly discloses this limitation of spray 
coating to core particles > about 100 microns: 

The spray-coated powders can be formed using any standard spray-coating 
processing apparatus. In this regard, batch-type fluid-bed processors have long been used 
to perform drying, granulation, and coating operations in the pharmaceutical industry for 
preparing solid dosage forms. Olsen, K. W. (1989) "Batch fluid-bed processing 
equipment: A design overview," Part L, Pharm. TechnoL 13:34-46, Olsen, K, W. (1989) 
"Batch fluid-bed processing equipment: A design overview," Part H } Pharm. TechnoL 
13:39-50. With the advent of the Wurster spray coater, seed particles as small as 50 \im 
in size can, at least in theory, be coated- Iyer et al. (1993) Drug Devel. Ind. Pharm. 
19:981-989. However, to date, the spray coating of seed particles having an average size 
of 100 pm or less has been limited, particularly for protein or peptide pharmaceuticals. 
(italics for emphasis only) 

U, S. Pat. No. 5,437,889 to Jones is entitled "Fluidized bed with spray nozzle 
shielding 11 . Column 7, line 55 of Jones discloses the minimum core particle size 
limitation of spray coatings: 

The surprising result of these experiments was the ability to coat the small particle 
size material without granulating the substrate. Comparative SEM's at the same 
magnification show the small fraction of the panicle size distribution being incorporated 
into the coating on the large fraction of the distribution but then the material ceases to 
agglomerate and at 10% coating the particle size is very similar to the 4% sample. The 
average size of the end coated particles being significantly less than 100 microns, the 
current accepted lower limit for discrete fine particle coating. It was postulated from this 
observation that the minimum panicle size for discrete coating might be effected by the 
substrate/spray pattern contact and could be significantly reduced by limiting that contact 
while the spray pattern is still developing. 

Returning to Applicants' invention, Applicants 1 Example 2 (beginning on page 34, 
line 28) demonstrates an improved sustained release rate profile compared to the 
uucoated drug panicles. A 90% release occurred at approximately 12 hours (for coating 
at 2 hertz) and beyond 24 hours (coating at 5 hertz), compared to uncoated drug particles 



{Wm2076;2) A ^ 

PAGE 14/46 * RCVD AT 5/28/2004 5:33:38 PM [Eastern Daylight Time] * S VR: USPTO-EFXRF-1/1 * DNlS:8729306 * CSID:5616596313 * DURATION (mm-s$):15»06 



MAY-28-04 17:35 



FROM-AKERMAN SENTERF ITT 



5616596313 



T-328 P. 15/46 F-749 



that reached 90 % release at approximately 2 hours (see Figs. 6 and 7), Similarly, in 
Example 3 (page 36, lines U-14), in vitro dissolution of coated rifampicin reached 90% 
release after 6 hours compared to 90% release after 1 5 minutes for the uncoated 
rifampicin (Fig. 8). 

The laser ablation process disclosed in Applicants 1 application can be used to 
produce very thin (I to 500 ran) continuous and non-porous coating layers which are 
exclusive of the drug provided by the drug particles based on the laser ablation method 
(where the core drug particles are not in a solution or exposed to laser radiation), on core 
drug particles less than 50 \±m in diameter. Amended claim 29 now recites this aspect of 
the invention with the recital "wherein said coating layer is exclusive of said drug 
provided by said drug particles". Solution based methods, invariably include some drug 
in the coating due to varying degrees of solubility of the drug in the solution. 

Turning now to rejections based on cited art based on cited art, former claim 28 
was rejected based on Moro, Sakon or Haynes in view of newly cited Green. According 
to the Examiner Moro, Sakon, and Haynes ,f do not explicitly teach that the coating layer 
is a continuous and non-porous layer". Regarding Moro, Sakon, and Haynes the 
Examiner asserts: 

It is the Examiner's position that there is no criticality observed in the use of 
Applicant's continuous or non-porous layer since the instant specification permits use of 
both a continuous and discontinuous coating layer (see specification pgs. 2 and 5, lines 
29-32). Furthermore, it is deemed obvious to one of ordinary skill in the art to employ a 
continuous and non-porous coating layer to obtain a sustained or controlled rate of 
delivery of the active ingredient. Such skill is evident ftom the reference of Green et aL 
(see below). 

Thus, Green is used by the Examiner in an attempt to make up for the deficiencies 
of Moro, Sakon, and Haynes. 
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According to the Examiner regarding Green: 

Green et al. teach a process for preparing rapidly disintegrating solid dosage 
forms containing drug panicles, wherein the drug particles may be coated or uncoated 
with a water-insoluble polymer or lipid material, resulting in a dosage form that exhibits 
delayed release of the drug for a sufficient period of time to provide foT controlled or 
sustained release of the drug after swallowing. The drug particles have a size such that 
the coatings can be formed thereon which are sufficiently intact and continuous to 
prevent or minimize loss of drug during processing. The coarse drug particles have an 
average particle si2e up to about 500 um. In this size range, it is possible to apply a 
uniform intact coating on the particle in order to achieve efficient freeze-dried dosage 
forms with slow drug release rate (see reference cols. 1, line 5-col. 3, line 22); (col. 5, 
lines 1-47). 

The Examiner then concludes regarding Moro in view of Green: 

Therefore, it would have been obvious to one of ordinary skill in the art at the 
time the invention was made to use the combined teachings of Moro et al. and Green et 
al. because Moro et al. teach an active ingredient formulation (i.e. glycyiThizinate) 
whereby a core powder is coated and covered by a sheath powder and similarly Green et 
al. teach a dosage form comprising drag particles that are either coated or uncoated and if 
coated, provide a continuous intact coating on the drug particles in order to provide a 
sustained release of the active ingredient. The expected result would be a continuously 
coated, non-porous pharmaceutical formulation that exhibits a sustained release of the 
active drug material, as similarly described by Applicants). 

Analogous conclusions of obviousness are made by the Examiner with respect to 

Sakon in view of Green, and Hanes in view of Green. Applicants respectfully disagree 
with the Examiner's obviousness assertions regarding Moro, Sakon, and Haynes when 
combined with Green for reasons described in detail below. 



First, Applicants' provide a useful table regarding the cited references: 





Green 


Moro 


Sakon 


Hanes 


Invention 


Core 

Particle size 


50-400 
microns 


0.1-100 
microns 


0.5-10 
microns 


5-30 microns 


<50 microns 


Includes 
drug as core 
panicle? 


yes 


no 


yes 


yes 


yes 


Coated 

Core 

particle? 


yes 
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yes 


yes 


yes 


Nanoscale 
coaling? 


no 


yes 


no 


no 


yes 
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Applicants will not review Moro, Sakon and Hanes in detail because such a 
review was provided in Applicants' reply filed April 7, 2003, However, salient points 
regarding these references are repeated below for convenient reference. 

Spray drying is a process by which a plurality of species are generally first 
dissolved in a solvent containing solution. In some processes, one or more species may be 
insoluble in the solvent containing solution. 

Moro discloses a dry mixing process to form inert particles and potentially a drug 
in solution which are then spray dried onto a skin surface. The solution is sprayed onto a 
skin surface and then drying takes place. Although in Example 10 Moro discloses 
glycyrrhi2inate which can be used as an anti-inflammatory, the composite powder is 
granular tetrafluoroethylene (1 \im) with a 0.1 \xm kaolin coating, neither of which are 
drugs. The composite powder is insoluble in the disclosed mixture. The only drug 
(potassium glycyn-hizinate) is freely soluble in the disclosed solvents of ethyl alcohol and 
water- Upon spraying and drying, a random mixture of potassium glycyrrhizinate, 
tetrafluoroethylene and kaolin results. 

No drug particles are ever coated by Moro as the core particles are inert particles, 
such as silica particles. Notwithstanding the lack of continuous coatings provided by 
Moto's process, the resulting particles produced by Moro's process being drug in one 
embodiment on inert core are the inverse of Applicants' claimed particles (biodegradable 
coating layer on core drug particle). 

In Sakon and Hanes, spray-drying occurs by spraying into an open chamber 
where the particles dry rapidly from a heated air-flow, generally from below, and the 
particles are suspended to aid drying- Either way, the solvent and other volatile species 
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rapidly evaporate to leave a random mixture of the remaining non-volatile species 
intermixed, with the resulting layer formed having significant porosity from the solvent 
evaporation process. No distinguishable coating layer is formed on any species since the 
arrangement of particles following drying is random, being a porous continuous phase 
(e.g. polymer) having a plurality of core particles therein. Accordingly, as known by 
those having ordinary skill in the art, spray drying does not form coated particles, and 
clearly cannot provide Applicants 1 claimed medicament comprising < 50 micron core 
drug particles coated with a nanoscale continuous and non-porous coating layer as 
evidenced by the dissolution profiles provided in Applicants 1 specification. 

Dry mixing is another process that is quite distinct as compared to laser ablation, 
and produces a mixture of particles which are also quite distinct as compared to the 
claimed coated drug particles. In dry mixing, as the name suggests, two (or more) distinct 
powders are poured into a bowl and stin-ed or placed in a bead mill to randomize the 
mixture so that sampling any discrete volume within the overall sample has the same 
percentage of the respective components. As known by those having ordinary skill in the 
art, the resulting particle mixture in dry mixing is always porous and agglomeration of 
like particles is also generally present. 

Green discloses a process for preparing an oral solid rapidly disintegrating freeze- 
dried bulk dosage form (tablet) of a pharmaceutically active substance having an 
unacceptable taste. Prior to freeze drying, a suspension of uncoated or coated coarse 
particles of a pharmaceutically active substance is disposed in a carrier material and is 
then cooled to reduce the viscosity and minimize release of the active substance during 
processing, as well as beyond the point of disintegration of the form in the mouth, to 
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minimize bad taste from the drug. The continuous phase (e.g. water) is removed and the 
resulting final composition is generally 1 mm or greater in size discrete units containing 
up to 250 mg of the drug (col. 6 line 49), such as tablet shaped articles with small 
(uncoated or coated) drug panicles dispersed throughout, analogous to a "plum pudding" 
of drug particles in a sea of freeze dried coating material (such as gelatin)- Example 2 of 
Green is copied below in its entirety: 
Example 2 



Material % 



Puriffcd water 74.99 
Gelatin 3.00 
Mannitol 2.50 
Coated paracetamol 19.51 
FDCBlueNo.2 0.0025 



The gelatin and mannitol were added to the water and heated to 40 C to dissolve before 
allowing to cool to 23 C, The mix was gradually added to the coated paracetamol (200 
\xm particles, 82% potency, coated with a water insoluble polymer) with manual mixing 
until a fluid suspension was formed. The process was the same as in Example 1 . 
Viscosity values obtained are quoted at a shear rate of 500 0.5 ml aliquots (80 mg 
paracetamol) of the suspension were also dosed manually using a Gilson pipetteman into 
preformed PVC/PVdC blisters which were then frozen rapidly at -80 C. Freeze drying 
was then performed using a standard cycle. The blisters were then sealed with foil. 

The temperature of the mix was then adjusted, and after allowing to equilibrate for 45 
minutes the measurements and dosing was repeated. 



Temperature 

(.degree. C.) 


Viscosity 
(raPa s) 


% sedirafintanon 
in 5 mines 


Tensile Strength 
Noun" 2 


Disintegration 
tiroe(s) 


23.0 


36.04 


33 


0.536 


1.4 


21.0 


42.66 


8.9 


0.561 


L4 


18.7 


53.08 


0 


0.553 


3.4 


17,6 


51.01 


0 


0.598 


3.7 


14.9 


73.06 


0 


0.630 


3.5 
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The results demonstrate the increase in viscosity of the suspension as the temperature is 
decreased. The disintegration times of the units do increase very slightly but are still 
rapid at viscosity levels sufficient to prevent any sedimentation in 5 minutes. When 
tasted, the units dispersed in the mouth with no bitter taste. 

Thus, the particle coating step, and the resulting coaled drug particles, which is 
the focus of Applicants' claimed invention, is outside the scone of Green, Green clearly 
does not form discrete coated drug particles as claimed bv Applicants. Green only uses 
coated for uncoatedl drug particles in his suspension process to form a bulk dosage form 
( fast-dissolving tablets incorporating a plurality of drug p articles. 

Green relies on "current coating techniques", such as to provide the paracetamol 
(200 pm particles, 82% potency) coated with a water insoluble polymer disclosed in 
Example 2 above, and provides the following teaching regarding the same (coL 3, lines 
9-21); 

Current coating techniques are able to effectively coat particles greater than 100 
pm, whereas particles less than 100 fim may not have an intact coau which will result in 
rapid release of the drug once in suspension. Coating of larger particles therefore 
deceases the rate of release of drug. Typically, according to the present invention, the 
coarse particles may have a size of up to 1 millimeter, although the average size is 
generally up to about 500 \xm, for example 75 to 400 \im 9 more usually in the region of 
about 100-300 pm. In this size range, it is possible to apply a uniform intact coating on 
the particle in order to achieve efficient freeze-dried dosage forms with slow drug release 
rate, (italics for emphasis only). 

In addition, col. 5, lines 27-52 of Green discloses the following: 

Generally, the coating on the particles is a polymer or lipid material and serves to 
prevent loss of the pharmaceutical agent during processing, as well as delaying release of 
the pharmaceutical^ active substance beyond the point of disintegration of the form in 
the mouth. Any suitable polymer or lipid or combination can be used as the coating 
material. Examples of suitable polymers include cellulose and derivatives such as 
ethylcellulose, hydroxyethylcellulose, hydroxypropylmethyiceliulose, 
bydroxypropylcellulose, methyicellulose, cellulose acetate, cellulose acetate phtbalate, 
hydroxypropyhnethylcellulosephthalate, acrylic derivatives, such as polymethacrylates, 
polyglycolic-polylactic acid, polyvinyialcohol, gelatin, collagen and polyethyleneglycol. 
Examples of suitable lipid materials include waxes such as beeswax and lanolin, stearic 
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acid and derivatives such as glycerol esters, fixed oils, fats, phospholipids, and 

glycolipids. ^ , .„ , . 4 . 

Such coatings are well known to persons skilled in this art. Persons stalled m the 
an could also readily provide coatings having a particular dissolution time so as to ensure 
that drug release is prevented until required, (italics for emphasis only) 

Thus, Green does not cure the deficiencies of Moro, Sakon and Hanes. 
Significantly, as noted above, Green provides evidence that core panicles obtained using 
known techniques (which although not explicitly disclosed would include the well known 
spray techniques disclosed in Moro, Sakon and Hanes references) must be at least 75 um, 
more usually in the region of about 100-300 um, to achieve a "uniform intact coating on 
the particle" to achieve "efficient fteeze-dried dosage fbims with slow drug release rate" . 
A continuous coating is important to Green because Green needs continuous coated 
particles in his suspension to limit the drug entering the suspension and consequently in 
his resulting freeze dried coating. As amended, Applicants' claim 28 now recites the 
coated drug particle has a diameter of less than 50 um, the coating layer being a 
continuous and non-porous layer, having an average thickness of the between 1 and 500 
am. 

Although size changes alone do not generally impart patentability to a claimed 
invention over otherwise similar structures based on the MPEP and precedential case law, 
size changes can provide patentablity, such as if un expected and/or new results are 
achieved bv a size change, such as a chanpe in functioaf s) or application(s). Assuming 
arguendo that the cited references can be used to form continuously coated core drug 
particles, such as micron scale coatings on 100 um or more core drug particles, MPEP 
2144.04 entitled Legal Precedent as Source of Supporting Rationale, under IV. 
CHANGES IN SIZE, SHAPE, OR SEQUENCE OF ADDING INGREDIENTS clearly 
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supports patentable of the claimed invention. MPEP 2144.04 IV cites In Gardner v. 
TEC System, Inc., 725 F.2d 1338, 220 USPQ 777 (Fed. Cir. 1984), cert, denied, 469 
U.S. 830, 225 USPQ 232 (1984). In Gardner the Federal Circuit held that a claimed 
device recitation of dimensions (e.g. smaller) relative to a device having different 
dimensions (e.g. larger) would be non-obvious if it performed differently than the prior 
art device, and thus would be patentably distinct over the prior art device. 

The size of Applicants' claimed nanoscale thick (1 to 500 nm) coated drug 
particles (< 50 urn in diameter) provide unique biological responses. While particles for 
inhalation are typically as large as 10 microns (Sakon '388), geometrically large, 
aerodynamicaUy light particles up to 30 microns (5-30 um in diameter) have also been 
described (Hanes '913). Because the nasal passages are larger, panicles for nasal delivery 
are typically up to 40 to 60 microns, with larger particles impacting in the initial 
turbinate. Since an increase in particle size, such as above 50 microns, would reduce the 
delivery of the appropriate sized particles, spray-coating techniques cannot be used. 

Particles according to the invention also provide rapid and complete dispersion, as 
well as sustained release, for several hours. A hypothetical 'micron-scale' continuously 
coated drug particle (>100 urn) is clearly too large to be used for inhalation (depositing in 
the mouth or throat) and release of the core drug over many hours to several days (if 
continuously coated using spray drying). Accordingly, amended claim 28 and its 
respective dependent claims are believed to be patentable over the cited art. 

Amended claim 50 (pharmaceutical formulation), amended claim 62 (kit) include 
the recital of amended claim 28 therein. Amended claim 66 has been amended to become 
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consistent with claim 28. Accordingly, these claims and their respective dependent claims 
are believed to be patentable over the cited art. 

Regarding method claims 68-70, claims 1-36 of the Talton patent 
(U.S. 6,406,745) were cited under non-statutory obviousness-type double patenting 
together with newly cited U.S. Pat. No. 5,499,599 w Lowndes et al. Amended claim 68 
recites a pulsed laser ablation process to form a coated drug particle having an average 
panicle size of less than 50 urn in diameter, using a vacuum between I mTorr and 1 
Ton. According to the Examiner 

"the only significant distinction between instant claims 68-70 and Pat. 745 is mat 
■745 recites a pressure of 'about 10 Ton or higher' whereas the instant amended claim 68 
recites 'between 1 mTorr and about 1 Torr' The Examiner also asserts that Lowndes 
"demonstrates the co-relationship between varying pressure and varying coating 
thickness, it is deemed obvious to one of ordinary skill in the art to adjust the pressure or 
Torr in order to obtained the desired or intended coating thickness." Although Dr. Talton 
is an inventor on both Talton '745 and the present invention, Applicants respectfully 
disagree that the claimed invention is obvious based on Talton 745 as explained below. 

Talton discloses methods of coating core materials by providing target materials 
and core materials; ablating the target materials to fcrm ablated particulate target 
materials; and coating the core materials with the ablated particulate target materials. The 
method is performed at a pressure of JO Torr or higher. Methods of coating particles 
with nanometer to multiple nanometer thick coatings in atmospheric pressure, and using 
pneumatic fluidization, are also provided, (italics for emphasis only) 
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Although Talton 745 discloses use of a vacuum of as low as 10 Torr, Talton 
teaches preferentially ablating at atmospheric pressure (760 Torr), According to col 7, 
line 1 to line 12: 

The invention is operated such that the coating chamber has a pressure of around 
atmospheric pressure, which may be a pressure as low as about 10 Torr to as high as 
about 2500, or any pressure in between. Preferably, the pressure in the coating chamber is 
greater than about 20, or 30, or 40, or 50 Torr, more preferably greater than about 100 or 
500 Torr, and most preferably greater than about 700 Torr. Preferably, the pressure in the 
coating chamber is less than about 1000, more preferably less than about 900, and most 
preferably less than about 820. In a most preferred embodiment, the pressure in the 
coating chamber is about 760 Torr, or atmospheric pressure, (italics for emphasis only) 

Moreover, Talton 1 745 teaches significant advantages of operation at a 

comparatively higher pressure as compared to the claimed method. According to col. 6, 

line 44 to line 48: 

Operating the coating process at approximate atmospheric pressure allows for a 
continuous production process. Rather than needing to apply a vacuum on each batch for 
coating, the process of the present invention, operated at near atmospheric pressure, 
allows for continuous processing. 



Thus, Talton 745 does not disclose or suggest an ablation process under a 
vacuum of less than 1 0 Tott, and in fact teaches away from use Applicants' claimed 
< I Torr (mTorr) vacuum level range. Based on the many advantages associated with the 
high pressure process (including atmospheric pressure) disclosed in Talton 745, such as a 
high deposition rate, there would be no motivation to look to another PLD reference for 
alternate processing conditions. 

Lowndes discloses a method for growing a deposit upon a substrate of 
semiconductor material which involves the utilization of pulsed laser deposition 
techniques within a low-pressure gas environment. The substrate and a target of a first 
material are positioned within a deposition chamber and a low-pressure gas atmosphere is 
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developed within the chamber. The substrate is then heated, and the target is irradiated, 
so that atoms of the target material are ablated from the remainder of the target, while 
atoms of the gas simultaneously are adsorbed on the substrate/film surface. The ablated 
atoms build up upon the substrate, together with the adsorbed gas atoms to form the thin- 
film deposit on the substrate. By controlling the pressure of the gas of the chamber 
atmosphere, the composition of the formed deposit can be controlled, and films of 
continuously variable composition or doping can be grown from a single target of fixed 
composition. 

The substrate heating taught by Lowndes is consistent throughout the patent and 

the disclosed substrate temperature range is quite high relative to room temperature. For 

example, col, 3, line 41-46 of Lowndes discloses the following: 

The substrate 1 6 is heated to an elevated temperature (normally between about 
250 degree C, and 450 degree C) so that a film with desired properties can be grown. 
Substrate heating also may assist the gas of the vessel atmosphere to be dissociated to its 
atomic or molecular level (depending upon the species of gas), and in any case, the gas 
will be adsorbed on the substrate 16. 

Thus, although Lowndes mentions use of a vacuum level as low as 1 Ton:, 
Lowndes combines the low vacuum level with substrate heating "normally between about 
250 degree C and 450 degree C M to overcome the limitations of a low deposition 
pressure. Applied to Applicants 1 coated drug particles, the substrate is a drug particle. 
Such high temperatures are clearly incompatible with virtually any drug. Thus, one 
having ordinary skill in the art at the time of the claimed invention familiar with Talton 
745 would not look to Lowndes which discloses use of a pressure below 10 Torr because 
of the required substrate heating consistently taught by Lowndes which is clearly 
incompatible with core drug particles. 

(Wm2076;2) 24 
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Applicants have found that although a significantly lower deposition rate 
generally results from use of a relatively low pressure, use of a lower pressure (less than 
10% of the lowest pressure disclosed in Talton 745) surprisingly provides significantly 
smaller particles and a coating layer having higher purity (less ambient inclusion) as 
compared to the higher pressure (including atmospheric pressure) disclosed in Talton 
745. Accordingly, Applicants submit that the obviousness-type double patenting 
rejection of claims 68-70 based on Talton 745 should be removed. 

Applicants have made every effort to present claims which distinguish over the 
cited art, and it is believed that all pending claims are in condition for allowance. 
However, Applicants request the Examiner to call the undersigned (direct dial 561-671- 
3662) after review of this Reply if the Examiner determines that any clarification is 
necessary to permit issuance of a Notice of Allowance. // 





NeilJL Jetter, Reg6tfo, 46,8Q3^ 
AKERMAN SENTERFITT 
222 Lakeview Avenue, Suite 400 
P.O. Box 3188^ 
West Palm Beach, FL 33402-3188 
Tel: 561-653-5000 



Docket No. 5853-1 86US 
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[57] ABSTRACT 

A shield, rata » as upsx a ndhic cylindrical parOTKm, is 
mounted &4jacenioan<drsQorcc»«ocb«&m9irduiii- 
butian planVscnsea af a Wraucr system processor, 
Whereby r&* open upper end of (he parfdoa fa generally 
toruoomJly registered with utd disposed about ibe 
upper coxcafty of an assodftBd- spray wwae. The open 
lower cad of she iar*r cylindrical panroon is gcocraUy 
sealed idanve to the air distribution pJate/Scrccs and 
operative to receive sir upwardly ifeexetbxough for 
subsequent passing through xbe in&er p*nteon about ifce 
spray uoute. The upper end of the inner tabular pani- 
noo abjekb the initial spray pattem discharged from the 
spray nozzje and prevents the premature entrance of 
particle* moving into the spray oozzlc ewa. 

9 Claims, 1 Drawiag Sheet 
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U.S. Patent M&hws 5,437,889 

FIG. 1 
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vary^^iwenwl bare «wOf*oOow control TObw. 

FLUIDIZEP BED WITH SPRAY NOZZLE However, this patent fails to discjosc structure fox 

smgLDING shielding did resultant spray pattern from Trnrrm rt i a rr 

cqwti thereinto of parneto to bo cowed before ihc 
This is a Divisional of application Ser. No* 5 spray pattern is reasonably developed. 
07/783,124, rued Oct, W, 1991 now U.S. Pat No. U.S, Par, No. 4£5$^S* to Werner Qlatt et aL dis- 
3,236^0^ dated Aug. 17, 1993. doses an apparatus whereby a fftridireri current camci 

1. Field of the lovaaaon to dbtence above the perforated baseeroing the parades 
This invention relates to a flmdftcd bed sy?ieoj> hav- w impinge on the ttndr rs kl* of a tamable pru- 

ing a spray nozzle tbexewithia- One such system is a viding for flhq pi n g the agglomerated material. The Glan 

WOrWi*y«amiyp*«fQii^ ^al^pwromsdocajwojtclosestnictuKby whiehthe 

ing «i owter cylindrical partition disposed within the panicles to be coated are ibiddcd agamsf entry iatotbe 

piOduCt container Ond e Spray nozzle wiOun the parti- IS ^j^ly forming teeny pattern, 

tioo. The spray nozzle itself is shielded, preferably by TJ.S, Pai No, 3,196,827 to D. E- Wuroer «t &1- 4is- 

bring surrounded by n cylindrical panroon c wrding ^Imw a TB h ihr pt nn Vyn df fi tti ng flp^ n«™ in» 

from the orifice plate or screen at the bopom end of the M rirh an air ?pr?y rirer^r c* p*tt«™ is r^rretrd ™d 

product ccaTftincr n> shield the spray nozzle tip. wherein a downbed of particles In near weighTless sos- 

2. Description of Related An 20 ren rio n dfepoeed outwardly of the tulrolar partition. 
V«rioi»di»W /o™l«f ^ccwMhOTDftw thespruynoarebetngdispos*^ 

have bem preyed xnciod^ the Wurwsy^^ p^^^q ^ the reyrj^ air dismbnuoc plate 

* ***** WUh this device, pardefes bring coawdare 
lent ^n^^^v^^no^ to &ho free to nnxnedi&tcly ettterdhe tawcr^bcgsnnuig pop' 

deambeccwiziwtifamtbct^^ 25 ^ the «jr^ pottero. 

discharge spray pattern before the spray parcm baa ^ ^ *^ 

fully developed- This results in nncontroTlBd droplet SUMMARY OF THE INVENTION 

fonnsQcn upon ftose panic^fhat enter the spray pa> - . ^ — ^-j tNbt tT»> dvnamica of the area around 
Tern too soon and effects the c fl e cn ve n ess of the gystfm ^ . www ^'t^t^ f -T^ . 
^TeSSmn and relative*^ 30 ^^fflf^^^t 

LM3L Xri^liattfi »O.L Larson ezal-du> f* 011 * * wfcnmwaon *irxns a ftmtod bed 

closes anoararus whereby discrete Bohds coattng process. Tbc type of bqzzIbs cOmmoaly toed 

suspeiid^mVmovingair^camU om within ^X^S^wST^S !^^S^ 

ihe tnuaior region of a velocity concentration control js 0 »* B °™ r 10 a "^"d j« wn> smaU dropim 
elemeni mounted ht the base region of a fmmel^haped j° d5 " ribuXc ^ 4,11411 ««»pte » * cone^haped 

coaxing chamber- However, snch apparatos does not oo^ or aprey paoem ^ ^ ^ 

indnde any means for ihieloins the toe of the spray ll bccn observed TO The conrse o f sevcml laoore- 
ponem with an upwardly flowing column of air » w J tggtcg ; OQ P in g tr^tb atinaaer^ pn4cdiwgapb- 
frrti+r j\m rhf *T"Ty r^T™ n *"*y «Ac*piMiiy acvclop 40 sftatc. com the nrndintrrm or pioce mn ^ atf stream h« 
before cTtt^«n«ihere^c^disfi^ bc« drawn two dw spray nrazlc UquioVair jet be&rc 

U^. Pw- Na 4»335,676tD Christnui Dcbayeiu el al, *e spmy potteni afts been folly aev^cped. to Bom* 
ftw$MfGK a spouted bed yannliTfaff and/or coining c aa ca » when the csaxcriu o ctn g o o ateo has abrasive 
apponfEB* wherein flow dincnag arrticrore is provided ^^^Sl^ ^ fclBBd ^ 100 ^ 
to direct the ssseona flow scream in the upward dire©* 45 wra s wrnra a nr force to cause erosion of the nozzle tip. 
wm for prevaitisg cOnm and agglamcrttai of pam> Accpxdmgiy, the present zavennan ic teodcocs a 
dm in the vicmiry of the walls of the device. This patent shielding or hairier means azoond the lower pontes of 
rtttoTOdiscirasnrQcrnreby wtecbibe lower portion of the imrHr, within the pp b ed, for s hieldin g thfi no7r1r 
the spray pattern ii protected by to upwarifly flawing aiid allowfng np ftawpf air whhm the siding m«ns 
co hnwfl *?t air in grdtr Thar thf gpray pattrrn may more 50 around the noaadc. Tins ensures that particiaSi eUsposed 
rhlly develop before ibe entrance tncrenno of panicles b ^hc pro duct container outwardly of the baxrier> are 
to be coated* prevented from entering the spray partem before the 

Pat, No- 4,701^53 to Sntmlans M. p. Mntsers e» spray pawn ** sufSoewly developed. TOs allows the 
ai disclufica an app«iv»& whereby tbc Uqald Spray ma- droplet density 'to decrease befm contact therein by 
tcrialUdJschaiixdcntfofaMtralch^ the paTftcka of the fluid^cd bed and, atterdmgy, the 

cally dosed, conical IBm with a Thrust crrwling thg panicle snrfcer will be more evenly wooed preventing 
(hrost of the gas stream, for the purpose of causing the excesrt ng p anic l e ag gtonwr aitoB. The liord d enntaci 
com^Sm tobencbouxed tovtry fiw qtobIcts with wirh the panicle can he more precisely controlled and 
the aid of the surrounding gas ytrcaru, The resuhatu ugberspr^rateacwhesauevr^withless 
spmy p^rcern is not protected about its imnal base end &> mm 

by an upwardly moving column of sir disposed there* A principal object of this invention is to Shield the 
about- spray discharging nozzle of a Wuzster type fluid ized 

ILS. Pti. No. 4,964224 m Oustav A. Magg et aL bed processor. The shield prevents the cirirye*p*rticle» 
discloses an arorotemg nozzla eonsrmct^ In a manner into the spray partem before the spray pattern has had 
to uTTiTiinflr* the need v> provide a metering pump or €5 an opportunity to develop. 

flow meter for each aremkbg notxlc of an aga ocwr e d Another object of tms mveation is to provide an 
fliudized roaring bed with the control of the flow sppsmus by which particle* to be coated are prevsated 
through each atomizing nozzle bring nrraTmpHsnrri by from entering the spray pattern until snch rime as the 
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drooler density of the spray pattern has beco totaa* changed by ffl batxtnt tog, the toner piale wnh ague 

S^jrdoMd; having afferent air c?eam? oonfla^awww. Fertber. 

Yet another object of lb* wve*tton it to provide a the inner place mar ractf be ibnaed of two wcW 

col^^ ^M^jpUrdly moving «r about the plat* having identical air opeamg config^wto 

Sw^orKito^P^i^^^^ S which are ratable wftb jw to each other » 

poa^ofaWiintotyiicmproae^randwhc™ chawm flu ie»cpve open m ^ . , . 

ttaU may t* *4JuHed vmicmlly accc^ to the«prey The proto «»»»«- tfhw» oyfodrical pettuwa 

D^^dB£dSchaT«4 widitoarffo^elocny Pfthe 22 aborted therem m any ixnve^ manner bMag 

A fanh rr object of this tovemioa ia to provide a 10 bang spaced above the aii diBBawtioa ptaie orjn^eo 
*xJ^*^m forth » the inmedmtcly pteccd- tt The panto Bdrvrfc* Ac mtcnor of the ptodw 
ST5^Ta«l whereby the vertical i**toi&g of the comamcr ***ina u n» n ^Sv^T^^? 
^dSybcmiHzMwalfa'thcj^ociaicd spwpai- 38 aw* aiteaar opbed 3d A spray nwie «mM* 
!zr y refened to generally by the reference number 32, * 

Yet another object of this invention * to provide a IS mounted at or through she air «sir|b^ plaie and 
w ™ zone within the upbed of a Warner «y» preferably projecta upwardly una ^ "wnor^^ 
cqBterwhcr^tbecoaii^^ cy&riricd paAtioa 22 and the upbed 30 defend 

totrndms column of qpwnrdly moving sir in order to herein. Tho spray iWc 32 receives a supply or air 
Km»»8 khSw more IWrydevetop and the under pre*** ttn^ » *™p^ bn* 34 and <«j 
liquid droScTdeifliry thereof to be aubwmifrJly re- 20 liQ^tnxitopreOTtethToughan^ 
dac*d pzicr to eowy of p»rtkd«t i»K> the o««lne zoo*. U bourn in ih* an. 

T^TOflwtowitli^diDT objects and advantage. Tms mveauon incorporates ^P^on of * 

^yii i^vm. w^imoifty apparcm. rodde la the such « tt hw«r cyljw&icnt pafiWoa « dlip^ eb»w 

inato described e^dai^ bw* cylindrical parotmn 40 hea rtt low oj^ end 

r^^<Sfbn^>pmten^ snqfrattdtdiscr^yr 

«bom the opening 44 through which tbc ipray aozxla 

BRIEF DESCRIPTION OF THE DRAWINGS »«^My 32 « s^^l The mbnlar colkr 42 is secured 
FIG. 1 is a fragmentary g? frn p*te vertical seCBoaal 90 to the mir cii&Auttait pfctte or acre** 28 through the 
view of* Wursier>rype bottom otillaMio* of swtabjc 6wt=aeri 4d The wllar 42 d> 

ih£ tpoomnift of an^»er roiwSar panitkm abooi the dude* drcwn&rcwudly tpccA axial alma 48in ^wtech 
mm oozrb and proieCTsag n leasi lUghtly above die iaoun?m& swds SQ projecdag rad»Dy oorwardly ofrbe 

FIG 2 Is inenluMd frasnientary itchm tf^ vtrdcal SS tnoimting aMft 50 have threaded bote » t^ca dediy 
acononal view mu*trariag the manner to which ihe cngasod therewith wherthy verticajy edjwtoent of 
isTcrior p»litian n^y be adjusted venioilly rehravc vo the inner c yfinrtn rri partinon 42 relative to tne roouwr 
die air dutribotloii plate. cc^ar 42 iniy be enablecL 

*^ gprey ^^jc ustcaiWy » dhxhwgct a spray 

DESCRIPTION OF THE PREFERSEP 40 pattern 96 of air and coenng hqmd. Some of the air 
EMBODIMENT firoodoocd imo the lower plcmttQ 1$ paw» apwardTy 

Rafenh«iiowiiwspe«ecaIlyw through the opemw » ftw^ dro^ ito MdigCT- 

numernl 10 sensraSy dcatgnaw a typical Wnwter 5yV bwoo ptt» or screen ]» bdow The huwr cyUndrical 
tens rvne ofcoater. modifled m accordance whh *e paxihzon 40. The partite 40, as wefl at the rabeOar 
T^csem^rveiinon. The coater moludes a prodnci coo- «5 oolanm of opwatdly nwn« «r abow the eproy nejoto 
ndaer secden U» ia fima myift etwnber 14 into wnlcn aranbly 32. sbidd» the lower, Uyr^ 
dwurOTendofihep^4iiaooiiiainer«e^ «pwy P*nem 5& The partfoks tio. panng TOwaidly 

and a tower pjensm U oisposed beneath the product thxoc^ the upbed SO, are nor dwwn mto 1 ibft spray 
coaminer. scparaied tbererrnm tnrouah ihe udliadon p«icTn.ma«uuVcotown 
cfanairoja&t^platieor sin^ The npper end so pawan 36 p BntwawsaTly develop, a^thehqinddro^ 
of the cramron chaniber 14 may open into a filter let denary of The spray ponera is snbwamnuiy fenced 
bousing (not sfriwzj) dbposed ibcrcabove bdudmg ihe before pardejej 60 enter inra The paxicrn » By 
DeonsHry ajr filter Gtroctnrr and air oudet. A typical adju^^hiaaiaofihemncrcylnidfic^ 
WTtrstixccaief»de«snbodni£^^ relaqvetotbetubolarc^4a,tote 
ogjfcq/ Txhrvtogy* VqJ. ]. pp. 192-195 55 end of theater cytwdncal pa^ 

The air distrfbonon place or screen U defines a pin- upper ewremny of tbe tpray Ticrrrlr pvirmWy 33 nwy fag 
ralixy of air rra sM fff <}P fm t W t 28 thzongh which an* or adjusicdV 

mLn theiowcfpiewUsuy pass into the product AlihcKip>c^ya™^^pe^on22, 
SiaiiiaTacctiiiollAstsooavcam^ tion40»Bnd spray noaie Ware depicted, nudnpJcouter 

ftiwfized bed eyron* die boles la the plaw iShttbe to partiiioai may be employed, each bawig one or more 
ore* otrtmde the c^imdrtcal partit^m 22 are smaller in apjayno^esQe^waef p^rtitiaw 
dfrmfTT *h™ bftlffl bcncMA the pnrdrion 32. The Variow inc4h%ab^ to tto abo^^ 
iCTTiltt irt WRhfT Mr 1^?"^ ftfld veloemcs in dae cemral fencd embodiment may be PTiliy«f. For c^^de, a , 
area than ia the dowabed area. AhhOttgh only a single apray noxde cay be milized m ayttoij other ^ Wur- 
xS b depicted, it should be understood that the iw coater type systema where amcWiag aiWtfiWt 
plarr 13 u typical fonned of r^nh^ Such syssem* may not require tbe H*ay ntwrlc to be 

Expiate and an tttt?"- repiaocable plau: whereby the air upwardly chspoaed; the tpray norzle may be 
flowradm between the ttpb<d and Ok wab respect to the major ax» of the conwncr. The 
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shielded spray nozzle nay also be utilized without a dard for tbes© ws of wumer inserts. Model jpO/4-7- 
WursceiHype cylmtirical portMon Zl The shielded 1S48 (referred to as S^»8) to a higher air consumption 
spray noszle way also be within pa expansion chamb e r rate sad fblly aronrfz c ?; ibe ftqmd stream disirilrariac, the 
instead of tbe product canunner. Further, although an droplets in a pane shaped pattern (develops spray pta* 
air disiribirac*pta or screen^ 5 urn) in a abortcr efia rarxy Liquid was fcliYcrod to the 

originate bio the processor through other snrpetura! nozzles with a peristaltic pump. The atomizatkm air 
arrangements, fa addition, although the ftVijHdins of the pressure ww adjusted so that me droplet size distribu- 
sptaywiizk is preferably provided nVmwotrid remain the 

cal partition 40, other sbieldmg arrangements may be in uscNoialc ports with a 1.2 n^ opening were used 
miUxeou For example, shielding of me spxiy nozzle may 10 whbrbe air «pacyuflrc^fli^wi^tbcTu>z^ portend, 
be aocanptisbed by fonnatioa of an av W«tt ar «mm In those trials where the Quid flow in the eoarms 
thai surroiuda tbe nozzle and prevents particles tYom zone wns ahered the fh n diwxl parnclcs were delayed 
pngnanudy entering into xbc spray pattern. Afcermv from compering the aaqquized stream by a 3" diameter 
lively, a defJcctCtfCT shield may be farmed integral whh cylinder partition mounted On tbe bottom plate- and 
the spray nozzle hsdf to prevem parried 1$ extending up 0.3" above tbc noxxlc part height The 

tug with ibe developing spray pattern. eyb&der ponmoii was open to (be C ufrirrin g air at the 

Utilizing the oooccpw of (be invention hereinabove boron, 
ascribed, itietoSown^ Tor Praeednre 

towed and twntecfriained g"de m ti rro w b m rr with the 

invent* 20 The air volume settings were octcrmined by * pre- 

trial TlntdtrsT ym test. Air volume w w then hcid constant 
Materials fljr eacb unit mroughout the rrials without further opti- 

Sngar/cortfzarcb bead*. (Nu-pariela, Crompwn ft miration- For the IB" Wmster the wr volume was 750 
Knowk* Ingredient Technology ^vision, Pcmv cftn (±100 cfm) and 1700 cftn (*10Q cfin) was used on 
swfeeo, NJ-) in the sire range of 20-25 mean were wed 25 the 32* Wurster. Per experiments on both inserts the 
AasrO^COilh^aiAstraiefbrmoaoft^ product mperaznn: ww held between 38* and 43' C 

*e&m4m^.iDbo*priipaWvaaBvuBy*cfat with an hUet &ir dewpoinf of 8" C (xl* C), 
awemfa ro compared into pcUec form tor coeonft or Ev* nn> would be aDowed to come w she desired 
are layered onto these iypc of bcada. TbcOpbylhxic tc«cooditio«*, then the tfpray woananod ate slaw rat*. 
«325 mesa, Knoll Whippany, NJ.) and porassnmi 30 V after Unnsnto of spray a sample uken bad less dian 
Chloride (20-6Q mesh, Maltmlcrodc, Si. Unas, MOJ 1% rcttincd on the «cve apcdficd far the test then the 
served a modeb for powder sufcsrrsies. pcrf^rmimce w» deem e d «pc<piahle and tbc sprvy rate 

A typical aqnenna HFMC haaed control sohmon wooid be nosed. The owount of the ipray incrcaac wai 
(Opadry» CokircoD West Pobx^ Pa, 10% coaxing by determined by estjmarins the posu at which 1% of (be 
weight m up water) was used thTOQgboirc the trials- A 35 sample would be mamed on the Test sieve, 
fireen eoiored fbnmda (YSJ-3303JS) was wed for most With the su^ii beads a 20 mean sieve was the test 
of the experiments bnt was shifted to a Maroon color sieve flsmen d oncd above. After eacb roal the botch wag 
0M-39J0) to check tbc effects of viscosity and compo- put through a 20 mesh sieve m order to remove any 
sftton differences on the coating performance- a gg inrorrwf* . Tbe beads passing through 20 mesh were 

_ . ^ r 40 naed in the wbseqnew trial. ?tor q» 32" trials with 

jsqupmeni sognr beads ftn 18 meab sieve was med la the test in 

AD of tbe coating trials were carried out m a order to account for tbe bead growth due to repeated 
GPCG6Q/100 flmd bed granulator/coater (Olarr Air coating. On the 1ft*' Warner a srarring ebarae of 43 kg 
Techniques, Ramsey, NJ,) natng either tbe 31" or 18" was used compared to 300 bg on tbe 32" Wnrstex, 
Wnr^er proccas ioscrta. Tbc 18" Wnzstcr trials utilized 43 Tbe expciinaeBt with thec^ylJjb« « a sUbstrsro used 
tbc standard rtiatrtnrr paruoon maert, wmch is 22" 26 kg of raw mnrfTrial in the 18" Wnraicr. Tbe test sieve 
long, Tbe 32" Wurster trials were performed with a tor Tbeophylbne was 100 mesh. With potassium cblo- 
amgle partuios nisert 12^ m Oameter, 27,5" loaj. ride SO kg were charged to the product container. At 

Tbe perdBcm height was adjusted so that a thick ibe end of me pomoum cbbnnk ran tbe process pa- 
sircam of snbsErnc flowed thioosh tbc coaling zone, 50 rametcrt were varied in order to find me m a irmiTTP 
Due to me di£ferem airflow pattens in ibe two azes of possible spray nttc wixhcroi: having mere man \% Cm IS 
Waxster msera nscd ibe par tition needed to be set at a mean. Air vohnne ww bietreaaed feom tbe protocol 
dsTerem height for each insert. A Qlnanoe of 0.75 vawe of 750 c£m » the highest value possible, 1200 elm, 
inches fttnn rbc bo&om plate was snffieienf for the XtT Atomiration air prcssnra was also increased from 15 
Wnrtfcx. For the 32" Wurster the par^non was rased to 5$ bar to 4i) bar. 
i 7< above the hnrrom nlaia to imrfnwtTi a bbm _ . _ 

denany panicle ntTcarni *^ ^ 

A bottom acicen, stamlcsa steel dBSdi weave Typej AniathxofexpcrnncntS WBSmtiptOteOT thec^^ 
100 mesh raring was in place over the air enstxibutian performance whb nozzle type, barrier mstaUataon, and 
place during all The trials. Exhaust fitters, TACT* type, 60 machine stoe as variables. On the 18" Wuster fonr 
rmad 3-10 nncrons were used to retain any process experiments were ran with tbe sugar beads and tbe 
fines. The filter shake eyele wa» set to shake far 3$ grern onaringt nogala S~25 with and without (be barrier 
every 30 seconds in the GPCO mode. This mcaot that m place, and DOttleS-lS Wut and witbontihe barrier in 
each filter shook 3 i after every 63 a of process dmc. pla^ The of experiment using the S-25 nozzle wus 

Two types of noazles were used each with a different 65 then repeated m Order to confirm the results. Powdered 
rli Tn m tf i a tj g spray ptnem development- Model snbstzate* tbeophylbne and p^rossrom eibloride were 
#940/M*S3S (manufaenrred by Oustav firriTirk Co. used wu^ the noizle and tbe barrier mplaoem 
Coburg, Cesmany re&rrtd to ai S-25) is supplied snu> last two experhn enta on the IS" Wurster. 
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In The 32" Wnnfter two experiment* ntlng th* pattern contact ttnd ooald be wsmfic a nU y reduced by 

nozzle and sptayuig onto sugar beads were perfsr- Uniting thai contact while The spray pattern is snJl do» 
rtrf— 4«THE Wftfr tftehftytter in place and one wfahoPT. In vcloping. 

ttwetriDJittecoating«i*rtic«wM conclusions 
to seo if the improvements in eoartng efficiency were s oowi^Miistawa 
gqH evident with a more viscoaa somrion Tbroc£boTitibee*perrmcnwdcOT^ 

„ w lN that luvitmg the COWdCT of wbstratc with A dcvtjoping 

touJtswSPiacoasKn spraypwternsotlttTiMepaj^ 
The spray rate at dggloBjmtlan wu ettfanated to spray in low droplet dowry ares* of the spray pat- 
from die data reported dorms the run on the hatch io ^n, reduces the over wetting of substrate surface 
sheets. Data for the matri* of 18" Wursw cupeaiuieati thereby iwJueing the rale of jsoduct aggkinciatian, 
h> shown m Table 1. The d^fo the toircduaiOTOf abamcrtop^ 

mentis has been averaged between die two runs* ih ft spray pa-t w rn End *^ i TH gi"g ***** *<*"i* awrign mthat 

taw P t the pattern develops io a smaller space were shown to 

' 15 have a roughly equivalent effect. SvAvramial efficiency 
ii apio vementg were still evident when die barrier was 
nxd with The modified noxilc. TOs technique of im- 
proved snPd liquid oonteodng was observed On two 
different arizes of e quipm ent with two tgflcnmt coating 
. 20 formulation* on thxoo efferent snbsrrHte*. 

in nrlrttrton so t&e iqrpw >r w l result of unproved eoat- 
Ryamir flT^ Tt ***** fevftato a dramatic improve- h^ cfBciency h was also observed to 
n^m spray rate at an equal level of agglomeration mr The sample with siwdleit particle size. That die panicle 
Ott of a barrier as compared with the standard case size of The coated material coaH be kept below dot- 
without ate of a barrier. It is also of micrest that tbe malty accepted *^^***^ shea, 
mtproved efficiency by rh^mgirg to a nozzle that acvel- What k dalmed is; 

ops tbetpray partem more qincfyb nearly The «sne a* 1. A method for coating prodpet in a fhddked bed 
placing a barrier around the nandird nozzle. Hot ob- having a product container eccrion opening ttpwardly 
servatian it hi agreement with the hypothesis that the bto an expansion chamber and downwardly into a 
a^glocneranoo and unntodou of spray rare is canjed by tower plenum gftinfr"' through a generally horizon- 
the premature contact of snbsTrare with the dev elop iag tally disposed air distribution ptate/iorcen havtag opesv> 

spray pattern. ^ ^ _^ fomjed tbCTcrbrau^fbrnpwar4a?rflowfrws8^ 

With asanilar eaoractioa of The data the 33 winw jower tdemtm r4tambrr toto said psoduot oomamer 
showed 1% ASgtomgrartan at SSQ g/min gpray wttbogt fiecrioo. said oroduct 

the barrier and 780 g/min with the banter in place. ^^^y cymidnoal parotum spaced above said air 
Only the S48 nonlfi w« tesred this dme with the xna- c^s^mtiaB pUtcAcrcen tcx 4xvu&i£ taid product eon- 
rooo coating The e®cjcsncy incraae ia in sttmlft r pro- tnncr scctkm mto an In&er npbed ^rea and an cmter 
portions to the experiment on the W" Wptster even down bfd itfML and an upwanfly dtfr b f T gmgfp^y ***** 
tho^ thnso^ofTte nwit^ 

tensucs were cnengeo. cal narddon, said method indudfaft the stops of posi- 

artnte was l W s^ arte point of to 

^ terfirce mobmre probably allnwtd the formulation so ^^^^ ^ 

ofb'auidbndfBtt betweeo rarttttoultteffltelyleanniieto £ Toe m et ho d of reducing me pro c e ssi ng tune of a 
i^^^^Sc^p^^^ftt irtool^coatercftb^ 
dSphy Tr "* wrolr w dr ffT W T^ ft" ™ frfr^ yaywt produczcartanicr sectkm opemng ur^ardly intt> on 
was hUbcr than expected and yet did not ry«%l in upper eapai^n<±atnbcraTuldownwnidlyhiloaiower 
frt^ ^HU level asm The sugar bead experiments. SS ploinm ehambc x tbrong b a generally horizontal air 
The gtqpmmg rewdt of these e^penm e nr g was the digaibarion phnx^roB having opeahffl formed thcre- 
aoi£ry tooo&TThe amnU parricle size material wuhon thronsh fiar upward drftow from said towo-piemto 
tr a TT"T-Trng the siibsuate. Coniparaiive SEM*a at the cbamber into said product rnnrarnrr section and 
ffinn fl majpufipatyrp show the stncA &nctkka of tha parnV whenn said product co n ta ine r sfet l on c o n t ams an np> 
cle ake^slnlbviSott beteft tecarpqrated into the coating 60 right eymtdrical panirinn onnpofted centrally therein 
on the urge faction of the distdbntion bar then the spaced above and ak dlstribction plate/scrccn and di- 
xnBterial ceases to agglomerate and at 10% ^'TiTg (he vidhrg said ptodnoK cuntnmcj sectkm into an inner 
porncle size » very omilar to the 4% tampte Tbe aver* npoea and an onrer downbed, and an upwardly dis- 
agc as of tbc cml ccnted pan^ bem^ charging apray noasje n)Ounted centrally with respect 

leas than 100 mkrrm^ the cpzrent accepted lower fimit 63 to said npbed hi a lower ponson tbereof» said method 
for diacrcm foe particle coating. It was poa rt jla t ri tram inchiding The seeps of formin g a radially rrtnfhiM and 
tins observation that the nmnmum particle asc far da- shielded cotamn of air to Qow npwajtfly about said 
erctc tt?ntii3B might be effrcrod by the ^strate/ipcay nozzle tram said air distribution plate/sorcen and to be 
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freely discharged inxo *«id nphed at an elevation $caer- toe parades to be procettol from entering the initial 

Ally v«rucaliy registered With The upper exctemity of spray pattern. 

Mid nozzle. 5. The method Of cfakn 1, wherein The shielding step 

3. The method of claim 1 wfeewai the shielding step comprised pro vidms a bankx fortnc4 from a cohrmn of 
comprises providing m barrier by positi oning u partition 5 gi$ about the dschnrgpg spray nozzle tip and directed 
ibow tf» spray nozzle, <afl partition hawing oppo site iqbstaimalry parallel with to ^tfay florals, said cotmnn 
open end*, one open cad of said parmwn pojmoned D f ^ <rFTHiriing beyond the spray aostle tip in the 
away from the spray aozzletip rowan* foe AKcpoaof Section of toe discharging spray. 
thcdischtt^qwy.tei^^^tfmdvv* «. The method of claim 3, wfc^w the cotau of gas 
tiofl posi rinnn d to wtfotod a pordca of the sprny no* 10 ^ fanned from the f i^ lrfng gas. 

, ..... , . . . 7.Tbcmtfjjodafclami5, wherein ihecohnnnof gas 

4. A method for nhiririm g «n iaizbl spray pattern U m M ranTwTly rnfti*T]y rrnifinH 

bed wnba *T(S5iw passing ftwdioafi ih* otto aid of the cytodncal parwon, tad*** cod 
Through the particles to be processed, dtsctarging a 20 pdtaOMd 1 adjacew the qpy noafe up, whereby the 

rovy mm Cbc flhrthrtffng »p»y nozzle taJO IbC flsi*- «J«*iA «f «U pnvn» th» p^lwJes being 

r< ^^3^ fc pfl ttMfiffirg the initial spray pattern dcv«i- Gram entering die roii i al spray pancrn. 
oped by the discharging spray nozzle by providing a 9. The meth o d of claim 8, wbemn the 0Qlam& of gas 
barrier ssnouadiag The spray «n»^e tip tmd oriented is fumed &o» the flindiiin g gas. 
scbstaniiaUy paiaOd to the spx*y nortte for prev ailing 22 ■ * * w • 
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Abstract 

The feasibility of spray-coating fine lactose powders with recombinant human deoxyribonucleaisc (rhDNase) using 
h bench-top fluid-bed processor (STREA-l) was studied. The effect of operating parameters, system design and 
protein formulation on coating performance was evaluated and compared with a laboratory-scale, Wurstcr processor 
(OPCO-1), as reported previously (Maa and Hsu, 1996a), Protein denaturatian occurred during spray-coating in both 
processors, though to a lesser degree in STREA-1 than in GPCG-1. The cause or protein denaturation during coating 
was determined to be thermally induced and most likely occurred during dryiog. The combined effect of shear and 
heat on protein aggregation during atormzation was found to be insignificant. GPCG-1 outperformed STREA-1 in 
terms of panicle agglomeration and product yield. Panicle agglomeration in the lauer could be reduced by increasing 
the atomizing pressure and decreasing the liquid feed rate. Overall, this report demonstrates that it is feasible to use 
the bench-top fluid-bed processor for protein spray-coating, but ihe application on fine carriers ( < 100 /<m) is limited. 

Keywords: Aggregation; Agglomeration; rhDNase; Fluid-bed; Spray coating; STREA-l; Wurstcr process 



I, Introduction 

Spray-coating is a useful alternative in produc- 
ing pharmaceutical protein dosage forms for pul- 
monary, oral, or controlled delivery. A previous 
study has shown thai it is feasible to spray-coat 



» Corresponding aaijior. m; -hi 415 2256349; fax: 
415 225>|9l; e-mail: maa.yuh-fun@gcne com 



recombinant human deoxyribonuclease (rhD- 
Nase) onto a lactose raicrocarrier as small as 50 
^rn using a laboratory-scale spray-coater (Glatt 
GPCG-1) {Maa and Hsu, 1996a), Despite its ro- 
bust mechanical integrity, spray-coated rhDNase 
suffered serious chemical dcnaiurauon (i.e. aggre- 
gation), which was attributed to thermal degrada- 
tion. To closely examine the spray-coating 
process, we explored a smaller scale, tench-top 
spray-coater, STREA-1 (Niro, Columbia, MD). 



0378-51 73/96/51 5.00 Copyright © 1996 Elsevier Science B.V. All rigtus rc^rved 
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STREA-1 has been widely used in the pharma- 
ceutical industry to perform fluid-bed drying, 
granulation and coating of solid low-molccular- 
weight drug powders (Olsen, I989a,b). This 
coatcr came with two spraying designs, top- 
spray and bottom-spray. Both systems were 
evaluated in this study. The bottom-spray sys- 
tem was based on a Wurster process, which has 
been known for spray-coating powders as small 
as 30-40 fim {Fukumori et al.> 1988) using 
GPCG-1. As far as the production scale is con- 
cerned, STREA-1 can process 0.1-2 I of carri- 
ers, compared 0.5-5 1 handled by GPCG-1. 

Two major problems in protein spray-coating 
are particle agglomeration and protein denatura- 
tion. Thus, it is important to understand these 
issues and ultimately overcome rhem, in order 10 
make protein spray-coating commercially feasi- 
ble. Panicle agglomeration is the most serious 
problem encountered in the spray-coating pro- 
cess (Fukumori et a!., 1987, 1988, 1991a,b. 
1992), Many factors play a role in particle ag- 
glomeration, including the nature and concentra- 
tion of the coating material, as well as atomized 
liquid droplet stee and size distribution (Fuku- 
mori et al., 1992). Fukumori et al. (1991a) found 
chat the inertia of particle flow is crucial, parti- 
cles larger than 100 pan possessing sufficient in- 
ertia to overcome the cohesive force amongst 
particles themselves and the adhesive force with 
the chamber wall. As such, fluidizarion perfor- 
mance can affect the panicle flow pattern, thus 
affecting panicle agglomeration. 

Another important issue during spray-coating 
is product denaturaiion. It has been reported 
that rhDNase coating prepared by GPCG-1 suf- 
fered serious aggregation (20-30%), which was 
attributed to thermal degradation based on the 
hypothesis that the coating had been exposed to 
high temperatures (Maa and Hsu, 1996a). How- 
ever, it was not shown whether this rhDNase 
denaturation occurred during atomization and/or 
during drying. Therefore, another objective of 
the present study was to funher examine the 
cause of such aggregation and to understand 
how formulations affect product quality. Upon 
two-fluid atomization, the high-speed air gener- 
ates shear stresses causing liquid dispersed into 



fine droplets with a large air-liquid interfacial 
area. The protein solution might also have 
encountered heat when passing through the noz- 
zle head. Therefore, thermal stress, shear stress 
and air- liquid interface might all affect the 
protein during atomization. During drying, thin 
coating is first dried to a partially wet, viscous 
membrane (early-stage drying) and then to a 
dried solid layer {late-stage drying). In this 
study, experiments were performed to under- 
stand how atomization and drying affect rhD- 
Nase aggregation during spray-coating. The 
effect of protein formulation on coating perfor- 
mance was also discussed. 



2. Materials and methods 

2.1. Mat trials 

2.1.2. rhDNase 

Recombinant human deoxyribonuclease (rhD- 
Nase), a glycosylated protein with a molecular 
mass of 32.74 kDa, was produced at Genentech 
(South San Francisco, CA), using Chinese ham- 
ster ovary cell line. The concentrated rhDNase 
solution was prepared by ultrafiltration/diafiltra- 
tion of an 11 mg/ml rhDNase bulk (containing 
150 raM sodium chloride and 1 raM calcium 
chloride) using tangential flow filtration. This in- 
creased the rhDNase concentration to approxi- 
mately 28 mg/ml and reduced salt concentration 
to approximately 10 mM. Lower rhDNase con- 
centrations were prepared by dilution of the 
bulk with purified water. All solutions were 
filtered with a 0.22 /*m filter prior to the experi- 
ments, 

2.1.2. Lactose 

The lactose powder (Pharmatose 100 M, 
DMV International, Fraser, New York) was 
sieved with US standard sieves (ASTM E-ll) of 
53, 125 and 250 on a sieve shaker (CSC 
Scientific) at 200 rpm for 1 h. Bach load of 
sieving was 250-300 g. Only the fractions of 
53-125 and 125-250 were used for the 
study. The yield of each fraction was approxi- 
mately 40%. 
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2.1 .A Excipients 

Calcium chloride (CaCl 3 ) was obtained from 
J.T. Baker in pellet form. Trehalose was ob- 
tained from Sigma. Polysorbate (Tween) 20 
(Karshamns) was prepared into a 20% aqueous 
solution before being added to the protein solu- 
tion. All materials were used as supplied. 

2.1 A, STREA-1 spray -cower 
STREA-! (Fig. 1) is a bench-top laboratory 




Fig- I- The configuration of Uis bouoro-*pr»> (a) and ih* 
lop-spray (b) STREA-1 system*. 



fluid-bed dryer (Niro, Columbia, MD). It con- 
sists of a control unit, a drying chamber and a 
two-fluid nozzle. The control unit allows the oper- 
ating time, the drying air flow, the air inlet 
temperature r the *tomization pressure and the 
blow-out pressure to be controlled. The pressure 
drop across the filter (on the top of the spray 
chamber to retain particles) and across ihe air 
distributor (on the bottom of the spray column) 
has to be monitored in order to provide appropri- 
ate drying air flow to fluidize the carriers, The 
chamber associated with lop-spray tFig, lb) 
is available in both polyacrylate (Plexiglas) and 
stainless steel, but only stainless steel in ihe 
bottom-spray design. Three vertical side-ports in 
the top-spray Plexiglas chamber are used for 
nozzle insertion. The boitom^pr4y chamber (Fig. 
la) comes with a vertical partition tube sitting on 
the top of a dish-shaped air distributor. The 
nozzle is located in the lower center of the purii- 
tion tube. The atomization nozzle has an orifice 
diameter of 0.7 mm. where air and liquid are 
externally mixed- 

2.1.5. GPCG-1 spray muter 

This system has been previously described 
(Maa and Hsu, 1996a). This device is u mi- 
croprocess-controlled laboratory unit (Glatt Air 
Techniques, Ramsey, NJ), Generally, its loading 
capacity is 0.5-5 I depending upon ihe powder 
density. In the current study, aiamizaiion was 
performed using a 0.7 mm two-fluid nozzle and 
operated in a botiom-spray Wurster mode. 

2,2. Methods 

2.2.1. Spray coating 

Lactose powder was loaded into the fluidiza- 
tion chamber and fluidized with a drying air at a 
desired flow rate and temperature; then rhDNasc 
solution was fed to the nozzle using a Mastcrftux 
pump (Console Drive, Cole Parmer). Fig. la 
shows a bottom-spray Wurster system with a 
dished air-distributor plate and fig. lb shows n 
top-spray coater. When introduced upward 
through the plate, the high-velocity air lifts the 
powder in the chamber to a height depending on 
the air velocity, particle size and powder density. 
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In the bottom spray coater. the Wurster chamber 
is partitioned by a draft tube which allows air to 
be moved faster inside than outside the tube. When 
particles enter the high-velocity spout, they are 
uniformly accelerated and physically separated 
from each other, facilitating uniform coating inside 
the tube. The process air that moves the particles 
also serves to dry the coating. When the airstrearo 
and particles clear the top of the partition, the air 
spreads out to fill the expansion chamber, and the 
panicles settle out to the bottom of the bed outside 
the partition because of the lower air velocity. The 
settled particles then re-enter the partition to re- 
ceive additional coating. The coating process con- 
tinued like this for many cycles. The base operating 
conditions in this study were: 200 g of lactose 
powder and 400 ml of liquid, drying air flow rate 
(Q D ) of 40-50 raVh, atomizing air pressure of 17.4 
psi, liquid feed rate (gj of 6.7 ml/min, and drying 
air inlet temperature (T mUt ) of 90°C. 

2.2.2. Spraying and spray-drying 

The top-spray STREAM system was used with- 
out fluidization of microcarriers for the spray-dry- 
ing and the spraying study. The spraying study was 
to investigate the combined effect of shear stress 
and air-water interface on the protein. Spray-dry- 
ing was to examine how thermal stress combined 
with shear stress and an air- liquid interface affects 
the protein. In both cases, protein solution was 
sprayed into a Plexiglas chamber. For spraying, the 
atomized droplets were collected in a beaker sitting 
under the chamber. For spray-drying, the sprayed 
droplets were dried on the wall of the chamber and 
were then redissolved into water for analysis. To 
examine the thermal effect, similar spraying exper- 
iments were conducted using protein solutions 
preheated to 60°C in a jacked glass vessel circu- 
lated with 50/50 waier/ethylene glycol, 

A mass flow meter (Model 820, Sierra Instru- 
ment) was installed right before the nozzle to 
measure the volumetric flow rate of the atomizing 
4ir. The air flow speed was calculated based on 
the air flow rate and the opening area between the 
nozzle orifice and the nozzle cap. The outside 
diameter of the orifice and the diameter of the 
opening in the nozzle cap were measured to be 2.0 
and 2.7 mm, respectively. Accordingly, the annu- 



lar area of this nozzle-tip opening was calculated 
to be 0.022 cm 2 . 

2.2. J. Shear experiment by rotor jsiawr 
homogenizer 

A Virtishear homogenizer (Virris, Templest IQ) 
consisting of a digital display microprocessor con- 
troj, an overhead drive and a homogenizing shaft 
(1 cm diameter) was used. The shaft tip is a 
rotor/stator assembly. The configuration of the 
assembly has been detailed previously (Maa and 
Hsu, I996d), When the rotor rotates, the assembly 
draws the liquid in from the bottom of the shaft 
and sends it out through four 0.4 cm openings 
equally spaced above the rectangular slots for 
circulation. The rotational speed can be steadily 
controlled between a range of 5000 and 25000 
rpm. The emulsification vessel is a jacketed glass 
container with an inner cylinder 6 cm high and 2.5 
cm in diameter. The inner tube holds approxi- 
mately 50 ml of aqueous solution. 

2,2.4. Incubation experiments 

Thermal stress on the protein was investigated 
by incubating 20 ml of protein solution in a 
jacketed glass vessel circulated with 50/50 water/ 
ethylene glycol at a pre-set temperature. Protein 
aggregation was analyzed after each incubation 
period. 

2J.S. Protein and powder characterizations 

2.2.5.1. She exclusion chromatography-high pres- 
sure liquid chromatography (SEC-HPLC). Samples 
of rhDNase were diluted to 1 mg/ml using water 
and 100 ul was injected into a silica-based Tosoh 
TSK 2000SW XL column (7.8 mm internal diame- 
ter x 30 cm length; particle size 5 /<m). The mobile 
phase was a mixture of 5 mM HEPES, 150 raM 
NaCl and 1 raM CaQ : at pH 7.0, and was pumped 
at a flow rate of 1 ml/min- The run time was 15 
min. Protein concentration was measured by opti- 
cal absorption at 280 nm. 

2.2. 5 J- VV spectrophotometry. The amount of 
insoluble rhDNase aggregates was determined by 
measuring the difference in protein concentration 
(Kontron Uvikon S60) of the reconstituted sample 
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before and after 0.22 filtration (MiHipore, 
GSVP) at a wavelength of 280 run- Insoluble 
aggregates less than 0.22 in size were not 
necessarily removed by filtration. All measure- 
ments were made referenced against pure water. 

2.2,53. Product yield and rhDNase loading deter- 
mination. The yield of the process was determined 
based on the ratio of the amount of the powder 
recovered after spray-coating to that initially 
loaded by weight. The amount of rhDNase loaded 
on lactose was determined by analyzing protein 
concentration in each reconstituted solution. 

2.2.5.4. Particle agglomeration- Each pre-weighed 
powder sample was sieved in an autosicve 
(GflSouic, Oilson Company) at 60 rpm for 10 min 
(ramping both up and down in 1 min). Particles 
of sizes ranging from 53 to 125 ><m were sieved 
into three size groups: greater than 125 //m, 45- 
125 /<m, and smaller than 45 jtm. Particles of sizes 
ranging from 125 to 250 were also sieved into 
three size groups: greater than 250 /im» 125-250 

and smaller than 125 /im. The fraction of the 
powder in each size range was determined by 
weight. 

2.2.5.5. Scanning eteciron microscopy ($EM). The 
surface morphology of coated powder was exam- 
ined using a Philip SEM system (Model 525M). 
Powder samples were mounted to a sample stub, 
and coated under a high vacuum ( < 0.05 mtorr) 
with a layer of 10 rnn gold-platinum. All samples 
were scanned at a voltage of 4.0 kV, 



3. Results and discussion 

Spray coating is a complex process consisting of 
three major operations: fluidizarion, atomization 
and drying. Table 1 summarizes all the parame- 
ters involved in the spray-coating process. These 
parameters are either operating variables, system 
design variables, or properties associated with the 
powder or the coating liquid. In all steps, the 
volumetric flow rates of drying air atomiz- 
ing air {Q A h and the liquid feed (gj, in addition 
to the drying air inlet temperature are the 



Tabic i 

Parameters involved in regular spray^oaUng 



Fluidiaaiion Drying air flow rate- 

Spray design 0 (wp»spray vs. boitom- 
spray) 

Chamber material 1 * {siainks* *uxL glass, 
polymer, eic.) 

Powder size and density 11 itoiose, S3- 125 

and 125 -250 fiXti) 

Particle surface and charge* 1 

Coating material* (rhDNase, lactose) 

Aiomizatioa Atomizing air flow rate- 
Liquid feed raie- 

Nozzle design 1 * (external v». intern tit mix* 
in&) 

Liquid viscosity 
Liquid surface tension* 
Liquid densiry* 

Drying Drying s«r into wtnperaiurc* 

Drying air Row rat<r 
Liquid feed rate - 
Atomizing air flow rate - 
Liquid concentration* 

a Operating variables, 

System design. 
*■* Liquid properties. 
J Panicle propenie*. 



most basic operating variables. Spray design in- 
cludes the top-spray and the bottom-spray sys- 
tems. The drying chamber associated wiih 
top-spraying was made of either polyacrylatc or 
stainless steel. Only the stainless steel chamber 
was available for the bottom-spraying system. 
Powders used in this study were lactose with two 
si2e fractions: 53-125 and 125-250 /*m. The liq- 
uid feeds used were pure water, aqueous lactose 
solution and aqueous rhDNase. Surface tension, 
viscosity and density of the aqueous lactose and 
rhDNase solutions were determined to be not 
significantly different from those of pure water 
(data not shown). 

Coater performance was evaluated based on 
three criteria: product quality, product yield and 
production time. An optimum operation will pro- 
duce a quality product with minimal particle ag- 
glomeration and proxein denataraiion at a high 
yield in a short production time, GPCG-l mei 
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these crixeria, except ihai ibe protein in th« coat- 
ing was highly aggregated (Maa and Hsu* 1996a). 
Therefore, the coating performance of STREA-1 
was evaluated based upon available design op- 
tions using operating variables comparable to 
those used in GPCCM operation. 

J. J. Fluldizailon performance 

The lactose powder of 125-250 /*m in size was 
fluidized using a top-spray polyacrylate chamber 
(Plexiglas) ac the base conditions. The drawback 
of this system is that lactose particles tended to 
stick to the wall of the chamber due to electro- 
static force, making fluidization impossible. When 
replaced by a stainless steel chamber, the problem 
of powder sticking 10 the wall was much allevi- 
ated. A voltmeter (Fluke, 8060 A) was used to 
measure the voltage difference between the 
chamber and the electrically-ground metal stand 
below the chamber. The value of A V was deter- 
mined to be 64 mV for the polyacrylate chamber 
versus 4 mV for the stainless steel chamber, con- 
sistent with the finding above. Like the electri- 
cally-ground chamber (AK=*0), the stainless steel 
chamber (4 mV) did not affect the fluidization 
pattern because steel conducts excessive static 
charge to the air. Another approach to reducing 
the electrostatic force was to incorporate an air 
ionization cartridge (Model 6110a, Ion Systems) 
before the nozzle. This air ionizer was designed to 
neutralize static charge on surfaces with clean, dry 
compressed air sources. The effect of air ioniza- 
tion on particle agglomeration after coating will 
be discussed later. 

Another problem with fluidization is the con- 
trol on drying air and atomizing air flow. In- 
creased air flow resulted in increased air filter 
resistance (due to fouling by small particles), 
which in turn limited the overall air flow and 
fluidization performance. The maximum Alter re- 
sistance measured was approximately 300 mm 
water (0.43 psi). This limit was often exceeded 
when lactose powders of less than 250 (*m were 
fluidized. Because of the bag filter fouling prob- 
lem, STREA-l is less suitable for spray-coating of 
fine powders than GPCG-1. 



3.2. Coating performance between GPCG-l and 

Table 2 summarizes the conditions and the 
results for spray-coating of lactose powder (125- 
250 //m) using GPCG-J and STREA-1. The con- 
ditions between the two preparations were 
matched. STREA-1 resulted In less rhDNase ag- 
gregation than GPCG-1, especially in the forma- 
tion of insoluble aggregates. The cause for protein 
denaturation was previously attributed to the 
thermal effect (Maa and Hsu^ 1996a). The more 
detrimental effect by GPCG-1 is probably because 
each coating/drying cycle is longer as a result of a 
longer path of particle flow in a larger fluidization 
chamber. 

Panicle agglomeration was a serious concern 
for STREA-1. Fig. 2a is the SEM indicating that, 
prior to spray-coating, lactose particles were dis- 
crete. Upon coaling using the conditions listed in 
Table 2, some of these particles became agglomer- 
ated (Fig- 2b). Agglomeration occurred due to 
coating adhesion between particles, overcoming 
the dispersion force by the inertia of particle 
movement in the chamber. Table 3 summarizes 
the production yield and the wt.% of agglomer- 
ated lactose coated using GPCG-1 and STREA-1. 
Of four batches prepared by GPCG^l, coarse 
lactose (125-250 /*m) had lower agglomeration 

TftWe 2 

Comparison of spray-coating using GPCG-l and STREA-1 

CPCG i 



Conditions 



Batch size <k£) 


0.5 


0.2 


DNasc cone, (rag/ml; 


28 


20 


Lactose powder 0*m> 


125-250 


125-250 


Into temp. C'C) 


75 


75 


Outlet temp- (*C) 


35 


40 


Prying air volume (<n 3 /h) 


46 


45 


Food (g/miu) 


10 


6.S 


Atomizing pressure (psi) 


43.5 


43 


Coating time (mini 


91 


90 


Results 






Theoretical loading {%) 


5 


6 


Actual loading (%) 


5.58 


5.52 


Soluble aggregate {%) 


10.6 


4.2 


Insoluble aggregate (%) 


24.4 


0 
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(a) 




Fig. 2. SEM for lactose powder (125-250 ^m) before spray- 
cosiing (a) and after spray-coating <b) using ihc condition for 
STREA-l lisifid in Table 2. 

and higher yield than fine lactose (53-125 /xm). In 
general, GPCG-1 produced powders of lower ag- 
glomeration and higher yield ihan STREA-L 
Coating materials affected agglomeration signifi- 
cantly, Powder coated with pure rhDNase is less 
sticky than that coated with lactose-containing 
rhDNase or lactose itself. The addition of either 
Tween 20 or CaCl 2 made rhDNase-coated powder 
stickier. In view of the fact that pure water (with- 
out any coating material) still caused agglomera- 
tion, it suggests that the inertia of particle 
movement played a role. The larger the fluidiza- 
tion chamber! the greater the inertia of particle 
flow. Therefore, larger coaters produce less ag- 
glomerated particles. 
Table 4 suggests that system design (top-spray 



versus bottom-spray) affects agglomeration and 
production yield significantly. Top-spraying 
resulted in higher agglomeration and lower pro- 
duction yield than bottom-spraying. The bot- 
tom-spray coating (Fig. la) was based on a 
Wurster process where the liquid was atomized 
into a partition tube. When pure water was 
sprayed, the yield by top-spraying was signifi- 
cantly lower (27% versus 87% in bottom- 
spraying), because of particle attachment to the 
wall of the chamber. Panicle build-up on the 
chamber wall was significant for top-spraying re- 
gardless of coating conditions, suggesting that this 
design is not suitable for microcarriers of less than 
250 ^m. Agglomeration was found to be higher in 
the fine powder (53-125 /jm) than in the coarse 
one (125-250 /*m). It is because large particles 
possess higher inertia and have a better chance 
to overcome the adhesive force during coating 
than small particles, suggesting it is difficult to 
coat fine powders using small coaters. The use 
of an air ionization cartridge could not alleviate 
agglomeration, suggesting that particle agglom- 
eration was not dominated by the electrostatic 
force between lactose panicles. 

The approach to reducing agglomeration was to 
increase the atomization pressure (atomizing air 
speed) and to decrease the liquid feed rate (Table 
4). Increasing the atomizing air speed not only 
decreased the droplet size of the spray but also 
increased the inertia of panicles flowing through 
the partition tube. Fukumori et al. (1992) con- 
cluded that even a small amount of coarse droplets 
could lead to significant agglomeration. Upon 
spraying the rhDNase/lactose solution using a high 
atomizing pressure (17.4 psi) and a low liquid feed 
rate (2.5 ml/min). the small lactose powder ag- 
glomerated (35,8%) more significantly than the 
large powder (10.4%), suggesting that the relative 
size between sprayed droplets and fluidjzed parti- 
cles was important. The higher the particle/droplet 
ratio, the lower the agglomeration. However, using 
a high air pressure resulted in more particle depo- 
sition on the filter, this in turn increased the filter 
resistance and limited the fluidization perfor- 
mance. Although resulting in a decrease in agglom- 
eration, the low feed rate increased the processing 
time and made the process become impractical. 
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Table 3 

Spray-coating* of various aqueous solutions on lactose using GFCG'l* and STREA-1 



Coaicr 



GPCO (bottom) 
GPCG (boiioro) 
GPCO (bottom) 
GPCG (bottom) 
STREA (bottom) 
STREA (bottom) 
STREA (bottom) 
STREA (botiom) 
STREA (bottom) 
STREA (bottom) 



Lactose (/im) 



Coating solution (me/ml) 



53-125 
125-250 

S3-J25 
125-250 
125-250 
125-250 
125-250 
125-250 
125-250 
125-250 



DNase (28} 

DNase (28) 

DNasc (14) 

DNase (14) 

Pure water 

Lactose (20) 

rhDNase (20) 

DNsse (7.5)/laccose (3*2) 

DNase (8.8)/Twcen (I) 

DNase (20)/CaCl* (20 mM) 



Agglomeration (%) 



7,6 (*125 Aim) 
1.5 (>250 }tn\) 
23{>\25 »m) 
0.3 (>250 /vro) 

13-3 (>250 

85.4 (>250 /*ro) 

35.7 (>250 *m) 
87.6(>250^m) 
99.1 (>250 pm) 

94.8 (>250 *m) 



Yield fN) 



92 
100 
86 
100 
S9 
91 
86 
87 
93 
85 



* Spray-coaling condition: 
and 400 ml cf solution. 

* Data from Maa and Hsu (1996a). 



ft. * 6.8 ml/min. atomiiing pressure - 8.7 psi, & - 40-50 m J /n, T n = 90°C, 200 8 of lactose powder 



3 J. Causes for rhDNase denaturation 

Spray-coating and spray-drying share the same 
atomization principle. Both use a two-fluid nozzle 
to atomize liquid into fine droplets due to high 
shear stress generated by high-speed atomizing 
air. These fine droplets possess a large air-liquid 
iuterfacial area and are exposed to a high temper- 
ature upon contacting the hot air In addition, 
protein solution might have been subjected to 
thermal stress when flowing through the hot noz- 
zle head. Therefore, heat, shear stress and air-liq- 
uid interface may all affect the protein during 
atomization. Although spray-coating and spray- 
drying share a similar drying principle, their ther- 
mal stress might be different. During the early 
stage of these operations, the coating (as the 
result of the spray-coating process) or the droplet 
(as the result of the spray-drying process) is first 
dried to a partially wet, viscous liquid and is 
further dried to a solid film or particle, respec- 
tively, during late-stage drying. Upon coating, the 
drying film continues to be exposed to the hot air 
prior to the next coating cycle (referred to as dry 
heating herein). In addition, the wet coating and 
droplet have experienced a longer exposure to a 
higher average temperature than the droplet dur- 
ing spray-drying (Maa and Hsu, 1996a). There- 
fore, drying and atomization might be the two 
major causes for protein denaiuration and will be 
discussed in the following. 



3.4. Effect of dry heating 

To examine the thermal effect on a dried coat- 
ing, U- the dry beating stage, rhDNase-coated 
(12% loading) lactose powder (125-250 ^m) pre- 
pared by GPCG-1 (Maa and Hsu, 1996a) was 
further fluidi2ed and dried in STREA-1 for 1 h 
using a drying air of 90 D C at a flow rate of 45 
m 3 /h. No additional aggregation was found after 
this extended dry beating, suggesting that the 
protein is stable as long as it is dry. 

3.5, Thermal denaturation of rhDNase 

It was previously determined using scanning 
raicrocalorimetry (Maa and Hsu, 1996a) that 
rhDNase (in the liquid state) thermally denatured 
with a peak onset temperature at 52°C and a 
maximum peak temperature at 63°C Also, CaCU 
was found to thermally stabilize rhDNase, up- 
shifting both temperatures by approximately 
10°C. The effect of high temperatures on rhD- 
Nase aggregation is shown in Fig. 3a, where the 
protein solutions (20 rog/rn!) with and without 
Ca+ 2 were incubated for 10 min in a preheated 
jacketed glass vessel. When the incubation tem- 
perature was lower than the peak onset tempera- 
ture, e.g. 50°C rhDNase remained intact. Above 
the onset Temperature, the degree of rhDNase 
aggregation increased with increasing tempera- 
tures and reached almost 100% denaturation at 
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Comparison of iqKpray and bottom-spray conflsuratioiu on spray^oauag of various aqueom solutions on lactose* 

Coaling solution (rog/ml) Agglomeration i%) Yicld 



Top 

Top* 

Bottom 

flotiom 0 

3ouom rf 

Bottom 

Bottom* 

Bottonr 1 

Bouom 

Bottom* 

Bottom* 



Lactose l/im) 

125-250 
1Z5-250 
125-250 
125 -250 
125-250 
125-250 
125-250 
125-250 

53-125 

53-125 

S3-125 



Pure water 
Pure water 
Pure water 
Pure water 
Pure wattf 

DNasfi (7,5)/1aeiose (3.2) 
DNase l7.S)/lacto$e (3.2) 
Pure water 
Puxt water 
Pure water 

DNase (7.5)/lactose (3.2) 



1 1.0 (>25Q /im) 
33.9 (>250 /cm) 
13.3 (>250/itn) 
0.0 l>250 /im) 
0.1 (>2SU j»mj 
87.6 (>250 ><m) 
104 (>250 #m) 
60.8 (>250 ptri) 
60.5 (>125 ftva) 
0.5 (>125 /*m) 
35.8 (>125 *m) 



27 
50 
87 
80 
83 
87 
83 
95 
88 
74 
85 



*Unlcw otherwise stated, the spray-ooaiing conditions are: 6,8 ml/min. atomizing pressure = 8.7 psi, 0 P = 40-50 mVh. 
7,* « 90 P C 200 g of lactose powder and 400 ml of solution. 



■ Gu = 2,5 ml/min and atomizing pressure « 17.4 psi. 
- e L « 6.8 ml/min and aroroiang pressure = 1 74 pa 
* Air ionization cartridge in use. 



70°C In the case of protein containing Ca 2 ^ - (20 
mM), rhDNase remained stable at 65°C. The 
effect of incubation time on aggregation of rhD- 
Nase containing no Ca^ at 60 and 65°C is also 
shown in Fig. 3b, indicating that protein denatu- 
ration increased with longer exposure to high 
temperatures. 

3.6. Atomizajion effect 

The effect of atornizarion on rhDNase denatu- 
rarion was evaluated based on the combined influ- 
ence of shear (defined as the product of shear rate 
and the time subjected to this shear raw), air-liq- 
uid interface, and heat. It was previously deter- 
mined that the shear effect alone (Maa and Hsu, 
1996b) and the combined effect of shear and 
air-liquid interface (Maa and Hsu, 1996c) on 
rhDNase aggregation was not significant. Those 
two studies were modeled based on a rotor/stator 
homogenization system. In spray-coating, the 
proiein might encounter heat during atomi2aiion 
(flowing through a hot nozzle head). Therefore, 
the effect of elevated temperature, in combination 
with shear and an air-liquid interface, was evalu- 
ated using the rotor/stator homogenization model 
to simulate the atomization process. 



Fig. 4 shows rhDNase aggregation as a func- 
tion of shear using 20 ml of rhDNase solution 
homogenized at 24000 rpm at 50 and 60*C in the 
presence of air-liquid interface and at 60°C under 
the air-free condition. The rhDNase solution con- 
taining 20 mM CaCl 2 was homogenized at 60*C 
in the presence of air. To determine the extent of 
denatuxation contributed by shear alone, all the 
data collected at 60°C during homogenization was 
adjusted by subtracting the aggregation con- 
tributed by thermal incubation at 60°C (data from 
Fig. 3). Highly-sheared rhDNase remained intact 
at 50 a C. However, sheared rhDNase became sus- 
ceptible to aggregation at 60°C with or without 
air-liquid interface, suggesting that shear stress 
facilitated aggregation when the rhDNase was 
thermally unstable and thai the air -liquid inter- 
face alone played only a minor role. The data 
show that above the onset peak temperature, 
rhDNase was susceptible to aggregation unless 
CaCl 3 was present. This result confirms that, 
when rhDNase was thermally stable, the effect of 
shear stress and air-liquid interface on rhDNase 
integrity was not significant. 

To consider the possible influence of shear 
stress, air-liquid interface and heat on rhDNase 
aggregation during atomization, rhDNase solu- 
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tion was preheated to 60*C and was atomized at 
different atomjjung pressures into a Plexitis 
chamber* During two-fluid atomization, high 
shear rates were induced by the relative velocity 
between the liquid feed and the atomizing air 
(Masters, 1991). The results for the atomizing 
pressure, the volumetric flow rate of the atomiz- 
ing air and the air flow speed were determined 
experimentally and arc listed in Table 5. The 
mean Sauter diameter of the droplet, defined by 
Zn t dj/Xn t d^ was calculated (listed in Table 5) 
according to the equation (Katta and Gauvin, 
1975): 




S 10 7A 

tnckttttjon Time (rain) 

Fig. 3. Aggregation of rhUNasc as * f unci ion of incubation 
wropcratwe (a) and rime £t>). In (a), rhDNa* solution (1 ml ai 
26 rog/ro!) (shaded bar) and die same solution contain in£ 20 
mM of CaClj (empty bar) were incubated in a lau4a circula- 
tor at diffcrtnl temperatures for 10 min- In Cb). rhDNase 
solutions (20 ml) wct* incubated in a jacketed glass at 
60"C OiHaded bar) and *5°C (empty bar) as a funaion of 
incubation lime. 




Fi£ 4. The combined effect of shear, air-liquid interface and 
heat on rbDNase aggrefiation. The rhPNase solution (20 ml at 
8 mfi/ml) was prebeated to S0*C (O) and 60*C (O) for 10 min 
m a Jacketed glass vessel for homogenizaiion ai 24000 rpm. 
The same solution heated to 60*C was homogenized without 
the air- liquid interface (□). Protein solution conialning 20 
mM of CaCl 2 was preheated to GO°c, and ihcn homogrtifccd 
under the *ame condition 

where the drying air flow rate (£> # « 40 m 3 /h), the 
liquid flow rate IQ U ~ 6 x 10 - 4 m 3 /h)» liquid vis- 
cosity (/* = 0.01 P), surface tension {c = 68 dyne/ 
cm) and liquid density (p = 1000 kg/ra 3 ) were 
used for rhPNase solution (Maa and Hsu, 1996c). 
Based on the data in Table 5, the relationship 
between V Ki and atomizing pressure is linear, and 
the relationship between K wl and 4* can be ex- 
pressed as </ te ~412Ks 1,19 for the aqueous rhD- 
Nase system- The power term of K rc , is consistent 
with the coefficient of - 144 reported by Masters 
(1991). This relationship is also similar to that 
established for the rotor/stator bomogenization 
system (Maa and Hsu. 1996d): d p cc K£j^ 4 , where 
d p is the size of liquid droplets in a liquid-liquid 
emulsion and K homo the bomogenization intensity. 
This suggests that the velocity in both systems, 
^ and has a similar effect on the droplet 
ske. Therefore, it is valid to select this homoge- 
nization system as a hydrodynamic model to esti- 
mate the shear and the shear rate associated with 
atomization. In this bomogenization system, the 
average shear rate «y>homo) linearly propor- 
tional to Kho™ (Maa and Hsu, 1996b), i.e. 
4, <z<7 By analogy, i.e. assuming 
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TabteS 



The relationship between womi*ing pressure and eftperinmiaUy de termined air flow rate and air flow speed" 

Atomizing pressure (psi) Volumetric flow rare «>J (nWh) Air speed < (m/t> Droplet size iQ a Um) 



5.8 
11.6 

17.6 
23.2 
29.0 



0,52 
0.71 
0.93 
I. IS 
1-26 



66.2 
92.0 
109.3 
147.5 
174.2 



3,88 
2-49 
1.83 
1.51 
1.29 



M Atomizaiion was achieved using an external-mixing nozzle (0.7 mm orifice), 

"Mean Saiuer diameter, tff,rf?/E n.cfh calculated Using Eq. {1J (fcatia and Gauvin, 1975). 



V«* <7>-»m should be comparable 10 
<y>honw *° obtain a similar size of droplets. 
Therefore, the shear rate induced during atomiza- 
tion might be equivalent to that induced by rotor/ 
stator homogenization (in the range 10*-lO s s~ 
However, the duration of atomization shear was 
very short (<0.1 s) (Masters, 1991) compared 
with the duration in the rotor/stator homogeniza- 
lion experiment . 

Based on the information above, the effect of 
atomization and homogenization on rhDNase ag- 
gregation was compared. For atomization, rhD- 
Nase solution (8 mg/ml) was preheated to 60°C 
for 10 min and then was sprayed into a Plexiglas 
chamber at three different pressures, 8.7, 14.5 and 
29 psi. The results (Fig. 5) are compared with the 
aggregation profile for the protein homogenized 
at 60°C (Fig. 3). At 52 psi (atomizing air veloc- 
ity = 312.4 m/s), it resulted in 4% rhDNase aggre- 
gation, corresponding to a shear of approximately 
1 x 10* on the homogenization curve. This confi- 




30 JO 40 SO 



Fig. 5. Aggregation or rhDNase induced by shear during 
rowr/siaior homogtftfeation (O) and induced by the relative 
air- liquid velocity during atomratlon <0). 



rms our estimate that the shear experienced by the 
protein upon atomization is low, even though the 
shear rate might be high. It also suggests that 
denaturation due to the combined effect of shear, 
air- liquid interface and heat during atomization 
(either in GPCG-1 or STREA-i) was not signifi- 
cant, particularly at low atomizing air flow rates. 

3.7. formulation effect on thermal denaturation 

To get a clearer picture of rhDNase degrada- 
tion during spray-coating, we conducted a series 
of experiments to isolate the event potentially 
responsible. Results of this set of studies are 
shown in Table 6, In Expt. # 1. protein solution 
was atomized into ambient temperature. It confi- 
rms that stress associated with shear and the 
air-ltquid interface had no effect on the protein. 
In Expt. # 2, protein solution was preheated to 
60°C prior to atomization; the result suggests that 
the combined stress due to heat, shear and air- 
liquid interface during atomization on protein 
aggregation was not significant. Expt. #3 imi- 
tated the spray-drying of a preheated rhDNase 
solution (60°C) in drying air initially at 9Q°C. This 
resulted in 2% aggregation, suggesting that al- 
though the protein solution might had been ex- 
posed to a temperature beyond its onset point of 
the denaturation peak during spray-drying, the 
actual damage to the protein may be less signifi- 
cant compared with spray-coating because of a 
relatively short period of exposure. In expt. # 4, 
rhDNase solution (no preheating) was spray- 
coated onto a lactose powder and produced ap- 
proximately 6% of aggregates, suggesting that 
denaturation occurs mostly during drying. As hy- 
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Table 6 

Five experiments for understanding the ihcnnal effect during spray-coding wing a STREA-1 processor 
Experiment 

DNase cone, (rog/ml) 
Preheating (60*C) for 10 min 
CaCK (mM) 
Atomiiaiion 
Drying 

Inlet teraj*. C*C) 
Drying air volume (m 3 /)D 
Lactove (kg) 
Soluble aggregate (%) 



1 


2 


3 


4 


5 


10 


10 


10 


10 


to 


No 


Yes 


Yes 


No 


No 


0 


0 


0 


0 


20 


Yes 


Yes 


Yes 


Yes 


Yes 


No 


No 


Yw 


Yes 


Yes 






90 


90 


90 






40 


40 


40 


No 


No 


No 


0.2 


0.2 


0 




2" 


6 


<:! 



All solutions were aiomoed at 17.4 psi and delivered at $ ml/min. 
* After subtraction of the aggregation due to preheating. 



pothesized earlier (Maa and Hsu, 1996a) T the inner 
side of the coating experiences a higher temperature 
than the outer side of the coating. Therefore, when 
the coating is partially wet (early-stage drying), 
protein in the inner side is prone to degradation. 
Expt. #5 is the repeal of expt. # 4 except for the 
protein solution, which contained 20 mM of CaCl^, 
la this experiment, aggregation was significantly 
reduced, confirming that rhDNase aggregation is 
thermally induced and can be prevented by using 
appropriate excipients to stabilize the protein. 

Since the performance of STREA-l was limited 
due to lack of sufficient inertia force, the formula- 
tion effect on coating quality (Table 7) was demon- 
strated using a GPCG-l coater which had shown 
a good coating performance in particle agglomera- 
tion and product yield but exerted significant 
thermal stress. Formulations of rhDNase contain- 
ing Ca^ 2 , trehalose, or Tween 20 were used The 
latter two represent the sugar and the surfactant, 
which are commonly used to stabilize proteins 
during long-term storage. As shown earlier, Ca^ 2 
reduced rhDNase aggregation (both soluble and 
insoluble) significantly. Addition of trehalose and 
Tween 20 could help reduce insoluble aggregation 
as well. However, the addition of these excipients 
caused serious particle agglomeration. When tre- 
halose concentration was increased from 14 to 33 
mg/ml, particle agglomeration increased from 7.1 
to 33.5%, Agglomeration significantly increased to 
80% when a small amount of Tween 20 was added 
(0,2 mg/ml final concentration). It suggests that the 



selection of formulations is crucial to the protein 
spray-coating process. 



4. Conclusions 

It is feasible to spray-coat rhDNase onto a 
lactose powder using the Wurster (bottom-spray) 
STREA-l processor because of its unique particle 
flow pattern. In general, STREA-l is a more ideal 
coater for large carriers than small carriers and 
it can serve as a good model for understanding 
the protein spray-coating process. STREAM 
yields a coating of improved protein quality, 
but particle agglomeration is significant compared 
with the GPCG-i processor, The degree of parti- 
cle agglomeration strongly depends on coating 
materials and operating parameters. The most 
important operating parameter in the STREA-I 
system are the atomizing pressure and the, liq- 
uid feed rate. Aggregation of rhDNase during 
coating is thermally induced, mostly during the 
early-stage drying rather than during itemiza- 
tion, because shear involved in atomization is low. 
The effect of shear on rhDNase aggregation 
becomes significant only when rhDNase is heated 
to beyond its onset point of the thermal denatura- 
tion peak. This study also demonstrates that the 
selection of spray-coating formulation (e.g., sugar 
and surfactant) is essential to the balance between 
protein quality and physical properties of the 
powdered product. 
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FormuUlion effect on rhDNasc aggregation and panicle agglomeration during spray-coating of lactose powder (53 - 125 ,«m) using 
a GPCG-1 coaler 



Formulation 



B 



rhPNase cone, <m#ml) 14 14 14 14 

Excipicnts No CaCl 2 CaCtycrehalo&e CaO trehalose 

Cone. (mj5/ml) 0 1 1/14 

Loading (%> 5 2-S 2-5 2.1 

Agglomeration t%) 2.8 4.5 7.1 33.5 

Soluble 4€gr- (%> 17,3 2.2 2.5 5.6 

Insoluble aggr (%) 26.5 5,5 2.0 2.0 



14 

CttCK/trehalose/Twccn 20 
1/33/0.2 
2.1 
79.2 
5.4 
<l 



'Spray-corning conditions: 7; n ai 75*C, {? L at 10 ml/min, &> at 40 m'/h and 0 A at 1.1 m\h- 
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